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Description
TECHNICAL FIELD

[0001] The presentinvention relates to non-yellowing flexible polyurethane foam, an apparel material formed from the
non-yellowing flexible polyurethane foam, a brassiere pad formed from the apparel material, and a brassiere cup including
the brassiere pad.

BACKGROUND ART

[0002] Aromatic polyurethane foam produced by allowing aromatic polyisocyanate to react with polyol may go through
discoloration when being exposed to ultraviolet ray or oxygen gas (for example, nitrogen oxide gas (NOx), etc).
[0003] Thus, amethodhasbeenknowninwhich, non-yellowing polyurethane foamis made by using, as polyisocyanate,
an aliphatic or alicyclic diisocyanate monomer or a prepolymer thereof.

[0004] However,alarge amountofdiisocyanate monomer is used in the above-described method as well, and therefore
the method is not preferable in terms of occupational safety and health. Furthermore, in the above-described polyurethane
foam, hardness may not be exhibited, and heat resistance may be poor.

[0005] Therefore, Patent Document 1 below has proposed a composition for polyurethane foam and mold in which
as polyisocyanate, organic polyisocyanate that is a hexamethylenediisocyanate derivative having a uretdione bond and
an isocyanurate bond is used, and having a high-density outer skin layer made of the organic polyisocyanate, polyol, a
chain extender, blowing agent, and catalyst.

Citation List

Patent Document

[0006] Patent Document 1: Japanese Unexamined Patent Publication No. H9-104738
SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0007] However, in the composition for polyurethane foam and mold described in Patent Document 1, the organic
polyisocyanate has low reactivity, and a large amount of urethane-forming catalyst has to be added to compensate for
it, and therefore the polyurethane foam may have insufficient non-yellowing characteristics.

[0008] Furthermore, the polyurethane foam formed from the composition for polyurethane foam and mold described
in Patent Document 1 has disadvantages in that it has high density, and soft touch may be damaged.

[0009] In this regard, examination by the present inventors has revealed the following: by using pentamethylenediiso-
cyanate instead of hexamethylenediisocyanate, the density can be decreased and soft touch can be obtained, and at
the same time, depending on conditions, yellowing characteristics may sometimes be poor.

[0010] Thus, an object of the presentinvention is to provide non-yellowing flexible polyurethane foam having soft touch
and excellent non-yellowing characteristics, an apparel material formed from the non-yellowing flexible polyurethane
foam, a brassiere pad formed from the apparel material, and a brassiere cup including the brassiere pad.

MEANS FOR SOLVING THE PROBLEM

[0011] The presentinvention [1] includes non-yellowing flexible polyurethane foam produced by allowing a polyisocy-
anate component to react with a polyol component in the presence of at least a catalyst and a blowing agent, wherein
the polyisocyanate component contains 10 to 95 mass% of uretdione bimolecular-product of pentamethylenediisocy-
anate.

[0012] The present invention [2] includes the non-yellowing flexible polyurethane foam of [1] above, wherein the
polyisocyanate component contains a uretdione derivative of pentamethylenediisocyanate, which includes the uretdione
bimolecular-product, and a trimer derivative of aliphatic polyisocyanate.

[0013] The presentinvention [3] includes the non-yellowing flexible polyurethane foam of [2] above, wherein the trimer
derivative includes an isocyanurate group and an allophanate group, and the content of the allophanate group is 0.10
mol or more and 0.70 mol or less relative to 1 mol of the isocyanurate group.

[0014] The presentinvention [4] includes the non-yellowing flexible polyurethane foam of [2] or [3] above, wherein the
aliphatic polyisocyanate is pentamethylenediisocyanate and/or hexamethylenediisocyanate.
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[0015] The present invention [5] includes an apparel material formed from the non-yellowing flexible polyurethane
foam of any one of [1] to [4] above.

[0016] The present invention [6] includes a brassiere pad made from the apparel material of [5] above.

[0017] The present invention [7] includes a brassiere cup including the brassiere pad of [6] above.

[0018] The presentinvention [8]includes a method for producing non-yellowing flexible polyurethane foam, the method
including allowing a polyisocyanate component containing 10 to 95 mass% of uretdione bimolecular-product of pentam-
ethylenediisocyanate to react with a polyol component in the presence of at least a catalyst and a blowing agent.

EFFECTS OF THE INVENTION

[0019] Inthe non-yellowing flexible polyurethane foam of the presentinvention, the polyisocyanate component contains
10 to 95 mass% of uretdione bimolecular-product of pentamethylenediisocyanate.

[0020] Therefore, anon-yellowing flexible polyurethane foam with soft touch and excellentnon-yellowing characteristics
can be produced.

[0021] As a result, in the apparel material formed from the non-yellowing flexible polyurethane foam of the present
invention, the brassiere pad of the present invention formed from the apparel material, and the brassiere cup of the
present invention, touch and non-yellowing characteristics can be improved.

DESCRIPTION OF EMBODIMENTS

[0022] The non-yellowing flexible polyurethane foam of the present invention is produced by allowing a polyisocyanate
component to react with a polyol component in the presence of at least a catalyst and a blowing agent.

[0023] That is, the non-yellowing flexible polyurethane foam of the present invention is a reaction product produced
by allowing the polyisocyanate component and the polyol component to react and foam.

[0024] In the non-yellowing flexible polyurethane foam of the present invention, "non-yellowing" can be defined as the
light resistance Ab of polyurethane foam (measured in accordance with Examples to be described later) being, for
example, 15.0 or less, preferably 12.0 or less.

[0025] In the non-yellowing flexible polyurethane foam of the present invention, "flexible" can be defined as, the
hardness of the polyurethane foam (25%CLD, measured in accordance with Examples to be described later) being, for
example, 40.0N/100 cm? or less, preferably 30.0N/100 cm? or less, more preferably 20.0N/100 cm2 or less, even more
preferably 15.0N/100 cm? or less, even more preferably 10.0N/100 cm? or less, even more preferably 6.0N/100 cm?2 or
less, even more preferably 5.0N/100 cm? or less, particularly preferably 4.5N/100 cm? or less.

[0026] The polyisocyanate component includes a uretdione bimolecular-product of pentamethylenediisocyanate.
[0027] Examples of the pentamethylenediisocyanate include, for example, 1,2-pentamethylenediisocyanate, 1,3-pen-
tamethylenediisocyanate, 1,4-pentamethylenediisocyanate, 1,5-pentamethylenediisocyanate, 2,3-pentamethylenedi-
isocyanate, 2,4-pentamethylenediisocyanate, and a mixture thereof. Preferably, 1,5-pentamethylenediisocyanate is
used.

[0028] In the following, in the present invention, pentamethylenediisocyanate (hereinafter may be referred to as PDI)
is 1,5-pentamethylenediisocyanate unless otherwise noted.

[0029] The pentamethylenediisocyanate is not particularly limited, and for example, it can be produced in accordance
with Example 1 of DESCRIPTION of WO 2012/121291.

[0030] The uretdione bimolecular-product of pentamethylenediisocyanate is, to be specific, a compound (pentameth-
ylenediisocyanate bimolecular-product having one uretdione ring) in which two isocyanate groups of one end of two
pentamethylenediisocyanates form one uretdione ring, and the other two isocyanate groups remain.

[0031] The uretdione bimolecular-product of pentamethylenediisocyanate is included in the uretdione derivative of
pentamethylenediisocyanate.

[0032] The uretdione derivative of pentamethylenediisocyanate includes, for example, uretdione multimolecular-prod-
ucts such as the above-described uretdione bimolecular-product, uretdione trimolecular-product (to be specific, pen-
tamethylenediisocyanate trimolecular-product having two uretdione rings),-,and uretdione n-molecular-product (to be
specific, pentamethylenediisocyanate n-molecular-product having (n-1) uretdione ring)), and preferably consists of the
uretdione multimolecular-product.

[0033] The uretdione derivative of pentamethylenediisocyanate is contained in an amount of, relative to a total amount
of the polyisocyanate component, for example, 20 mass% or more, preferably 25 mass% or more, more preferably 50
mass% or more, even more preferably 70 mass% or more, even more preferably 80 mass% or more, particularly
preferably 90 mass% or more, and for example, 100 mass% or less, preferably 95 mass% or less.

[0034] When the uretdione derivative of pentamethylenediisocyanate is contained within the above-described range,
polyurethane foam with excellent soft touch and mechanical properties can be produced.

[0035] Such a uretdione derivative of pentamethylenediisocyanate can be produced by subjecting pentamethylene-
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diisocyanate to uretdione-formation reaction.

[0036] To be specific, inactive gas such as nitrogen is introduced into a liquid phase (reaction liquid) of pentamethyl-
enediisocyanate to allow pentamethylenediisocyanate to be in an inactive gas atmosphere, and thereafter, pentameth-
ylenediisocyanate is subjected to uretdione-formation reaction.

[0037] In the present invention, the reaction conditions for production of uretdione derivative of pentamethylenediiso-
cyanate are as follows: for example, under atmosphere of inactive gas such as nitrogen gas and normal pressure
(atmospheric pressure), reaction temperature of, for example, 100°C or more, preferably 130°C or more, and for example,
200°C or less, preferably 170°C or less, and the reaction time of, for example, 0.5 hours or more, preferably 0.8 hours
or more, and for example, 20 hours or less, preferably 15 hours or less.

[0038] The reaction liquid under inactive gas atmosphere at the time of uretdione-formation reaction has a dissolved
oxygen concentration of, for example, 0.5 mass ppm or more, preferably 0.8 mass ppm or more, and for example, 10
mass ppm or less, preferably 5 mass ppm or less.

[0039] In the above-described reaction for producing the uretdione derivative of pentamethylenediisocyanate, as nec-
essary, a known uretdione-formation catalyst and/or known reaction solvent can be blended.

[0040] Examples of the uretdione-formation catalyst include trivalent phosphorus compounds such as triethylphos-
phine, tri-n-propylphosphine, triisopropylphosphine, tri-n-butylphosphine, triisobutylphosphine, tritertiarybutylphosphine,
tri-n-hexylphosphine, tricyclohexylphosphine, tri-n-octylphosphine, tribenzylphosphine, and benzyldimethylphosphine,
and Lewis acids such as boron trifluoride and zinc trichloride.

[0041] The uretdione-formation catalyst can be used singly, or can be used in combination of two or more.

[0042] When the uretdione-formation catalyst is blended, the catalyst is blended in an amount relative to pentameth-
ylenediisocyanate of, for example, 1 mass ppm or more, preferably 10 mass ppm or more, generally 1000 mass ppm
or less, preferably 500 mass ppm or less.

[0043] When the uretdione-formation catalyst is blended, reaction is performed at generally 40°C or more, preferably
60°C or more, and generally 120°C or less, preferably 100°C or less.

[0044] After the completion of the uretdione-formation reaction, from the produced reaction mixture of uretdione de-
rivative of pentamethylenediisocyanate, unreacted pentamethylenediisocyanate monomer (when reaction solvent and/or
catalyst is blended, including reaction solvent and/or catalyst) is removed by a known method such as, for example,
distillation such as thin film distillation (Smith distillation), or extraction.

[0045] After removing the unreacted pentamethylenediisocyanate monomer, the uretdione derivative of pentameth-
ylenediisocyanate has a monomer concentration relative to a total amount of the uretdione derivative of pentamethyl-
enediisocyanate of, generally 0.1 mass% or more, and for example, 1.0 mass% or less, preferably 0.5 mass% or less.
[0046] The uretdione derivative of pentamethylenediisocyanate has an isocyanate group concentration (isocyanate
group content)(measured in accordance with Examples to be described later) of, relative to a total amount of the uretdione
derivative of pentamethylenediisocyanate, for example, 20 mass% or more, preferably 25 mass% or more, and for
example, 35 mass% or less, preferably 30 mass% or less, more preferably, 27 mass% or less.

[0047] The uretdione derivative of pentamethylenediisocyanate has a viscosity at 25°C (measured in accordance with
Examples to be described later) of, for example, 10 mPa-s or more, preferably 20 mPa-s or more, more preferably 23
mPa-s or more, and for example, 1000 mPa-s or less, preferably 100 mPa-s or less, more preferably, 50 mPa-s or less,
even more preferably 25 mPa-s or less.

[0048] In the present invention, the content of uretdione bimolecular-product of pentamethylenediisocyanate relative
to a total amount of the uretdione derivative of pentamethylenediisocyanate is, for example, 10 mass% or more, preferably
50 mass% or more, more preferably 70 mass% or more, even more preferably 80 mass% or more, and for example, 98
mass% or less, preferably 95 mass% or less.

[0049] When the content of uretdione bimolecular-product of pentamethylenediisocyanate is within the above-de-
scribed range, non-yellowing flexible polyurethane foam with excellent soft touch and mechanical properties can be
produced.

[0050] In the reaction for producing the above-described uretdione derivative of pentamethylenediisocyanate, to
achieve a high content of uretdione bimolecular-product of pentamethylenediisocyanate as described above relative to
uretdione derivative of pentamethylenediisocyanate, reaction time is shortened to suppress production of multimolecular-
product higher than the above-described uretdione trimolecular-product of pentamethylenediisocyanate. The specific
reaction time is, for example, 0.5 hours or more, preferably 0.8 hours or more, and for example, 5 hours or less, preferably
2 hours or less, more preferably 1.5 hours or less.

[0051] The content of uretdione bimolecular-product of pentamethylenediisocyanate relative to a total amount of the
uretdione derivative of pentamethylenediisocyanate can be determined by gel permeation chromatography (GPC) in
accordance with Examples to be described later.

[0052] To be specific, in a chromatogram of the uretdione derivative of pentamethylenediisocyanate in gel permeation
chromatograph measurement, the ratio of the peak area having a peak top between 280 to 380, preferably 290 to 330
of polyethyleneoxide-based molecular weight relative to a total peak area (in the following, referred to as bimolecular-
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product area ratio) corresponds to the content of uretdione bimolecular-product of pentamethylenediisocyanate.
[0053] Thatis, the ratio ofthe bimolecular-product area can be calculated by measuring the molecular weight distribution
of uretdione derivative of pentamethylenediisocyanate with gel permeation chromatograph (GPC) equipped with refrac-
tive index detector (RID) in accordance with Examples to be described later, as a ratio of the peak area in the chroma-
togram (chart).

[0054] The content of uretdione bimolecular-product of pentamethylenediisocyanate relative to a total amount of the
polyisocyanate component is 10 mass% or more, preferably 20 mass% or more, more preferably 40 mass% or more,
even more preferably 50 mass% or more, even more preferably 70 mass% or more, particularly preferably 80 parts by
mass or more, and 95 mass% or less, preferably 90 mass% or less, more preferably 85 mass% or less.

[0055] When the content of uretdione bimolecular-product of pentamethylenediisocyanate is the above-described
upper limit or less, non-yellowing characteristics of the produced non-yellowing flexible polyurethane foam can be im-
proved.

[0056] When the content of uretdione bimolecular-product of pentamethylenediisocyanate is within the above-de-
scribed range, mechanical properties (in particular, elongation at break) of the produced non-yellowing flexible poly-
urethane foam can be improved.

[0057] In view of softness in touch of the produced non-yellowing flexible polyurethane foam, the content of uretdione
bimolecular-product of pentamethylenediisocyanate relative to a total amount of the polyisocyanate component is, for
example, 70 mass% or more, preferably 80 mass% or more, and for example, 95 mass% or less, preferably 90 mass%
or less.

[0058] In view of tear strength of the produced non-yellowing flexible polyurethane foam, the content of uretdione
bimolecular-product of pentamethylenediisocyanate relative to a total amount of the polyisocyanate component is, for
example, 30 mass% or more, preferably 40 mass% or more, for example, 70 mass% or less, preferably 60 mass% or
less. This is because tear strength improves when the produced non-yellowing flexible polyurethane foam has a prede-
termined hardness. When the polyisocyanate component contains an allophanate derivative, the produced non-yellowing
flexible polyurethane foam becomes soft, and therefore in view of tear strength of the non-yellowing flexible polyurethane
foam, it is better that the polyisocyanate component has a low allophanate derivative content.

[0059] The content of uretdione bimolecular-product of pentamethylenediisocyanate relative to a total amount of the
polyisocyanate component can be determined by, for example, multiplying the content of uretdione bimolecular-product
of pentamethylenediisocyanate relative to a total amount of the uretdione derivative of pentamethylenediisocyanate by
the content of uretdione derivative of pentamethylenediisocyanate relative to a total amount of the polyisocyanate com-
ponent.

[0060] The polyisocyanate component contains preferably trimer derivative of aliphatic polyisocyanate, more prefer-
ably, the polyisocyanate component consists of uretdione derivative of pentamethylenediisocyanate and trimer derivative
of aliphatic polyisocyanate.

[0061] Containingthe uretdione derivative of pentamethylenediisocyanate and the trimer derivative of aliphatic polyiso-
cyanate allows for improvement in light resistance.

[0062] Examples of the aliphatic polyisocyanate include aliphatic diisocyanates such as trimethylenediisocyanate, 1,2-
propylenediisocyanate, butylenediisocyanate (tetramethylenediisocyanate, 1,2-butylenediisocyanate, 2,3-butylenedi-
isocyanate, 1,3-butylenediisocyanate), pentamethylenediisocyanate (PDI, for example, 1,5-pentamethylenediisocy-
anate, etc), hexamethylenediisocyanate (HDI, for example, 1,6-hexamethylenediisocyanate, etc), 2,4,4- or 2,2,4-trimeth-
ylhexamethylenediisocyanate, and 2,6-diisocyanatemethyl caproate.

[0063] These aliphatic polyisocyanates can be used singly, or can be used in combination of two or more.

[0064] For the aliphatic polyisocyanate, preferably, pentamethylenediisocyanate, hexamethylenediisocyanate, more
preferably, pentamethylenediisocyanate is used.

[0065] The trimer derivative of aliphatic polyisocyanate includes aliphatic polyisocyanate trimer or aliphatic polyisocy-
anate allophanate trimer (including aliphatic polyisocyanate trimer and aliphatic allophanate derivative, preferably con-
sists of aliphatic polyisocyanate trimer and aliphatic allophanate derivative), and consists of aliphatic polyisocyanate
trimer or consists of aliphatic polyisocyanate allophanate trimer.

[0066] Examples of the aliphatic polyisocyanate trimer include the above-described isocyanurate derivative and imi-
nooxadiazinedione derivative of aliphatic polyisocyanate, and preferably isocyanurate derivative of aliphatic polyisocy-
anate is used.

[0067] The aliphatic polyisocyanate trimer is produced by subjecting an aliphatic polyisocyanate to trimerization re-
action in the presence of a trimerization catalyst.

[0068] The trimerization catalyst is not particularly limited as long as it is a catalyst effective for trimerization, and
examples thereof include hydroxide of tetraalkylammonium such as tetramethylammonium, tetraethylammonium,
tetrabutylammonium, trimethylbenzylammonium, and tributylbenzylammonium or their organic salt of weak acid; hy-
droxide of trialkylhydroxyalkylammonium such as trimethylhydroxypropylammonium (also called: N-(2-hydroxypro-
pyl)-N,N,N-trimethylammonium), trimethylhydroxyethylammonium, triethylhydroxypropylammonium, and triethylhydrox-
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yethylammonium or their organic salt of weak acid (for example, N-(2-hydroxypropyl)-N,N,N-trimethylammonium-2-
ethylhexanoate, etc); metal salt (for example, alkali metal salt, magnesium salt, tin salt, zinc salt, lead salt, etc) of
alkylcarboxylic acid such as acetic acid, caproic acid, octylic acid, myristic acid, and naphthenic acid; metal chelate
compounds of B-diketone such as aluminum acetylacetone and lithium acetylacetone; Friedel-Crafts catalysts such as
aluminum chloride and boron trifluoride; various organic metal compounds such as titaniumtetrabutyrate and tributylan-
timonyoxide; and aminosilyl group-containing compounds such as hexamethylsilazane.

[0069] These trimerization catalysts can be used singly, or can be used in combination of two or more.

[0070] For the trimerization catalyst, preferably, organic salt of weak acid of trialkylhydroxyalkylammonium is used,
more preferably, N-(2-hydroxypropyl)-N,N,N-trimethylammonium-2-ethylhexanoate is used.

[0071] The trimerization catalyst (based on active component 100%) is blended in an amount relative to 100 parts by
mass of aliphatic polyisocyanate of, for example, 0.005 parts by mass or more, and for example, 0.1 parts by mass or
less, preferably 0.05 parts by mass or less.

[0072] In this method, trimerization reaction is caused by blending a trimerization catalyst with an aliphatic polyisocy-
anate at the above-described amount, and heating the mixture.

[0073] In the trimerization reaction, reaction conditions are as follows: for example, under atmosphere of inactive gas
such as nitrogen gas and normal pressure (atmospheric pressure), reaction temperature of, for example, 50°C or more,
preferably 70°C or more, for example, 100°C or less, preferably 90°C or less. The reaction time is, for example, 10
minutes or more, preferably 20 minutes or more, and for example, 120 minutes or less, preferably 60 minutes or less.
[0074] In the above-described trimerization reaction, to adjust trimerization, for example, organic phosphite such as
the one described in Japanese Unexamined Patent Publication No.Sho 61-129173 can be blended as a promoter.
[0075] Examples of the organic phosphite include organic phosphorous acid diester and organic phosphorous acid
triester, and to be specific, for example, monophosphites such as triethylphosphite, tributylphosphite, tris (tridecyl) phos-
phite, triphenylphosphite, tris (nonylphenyl) phosphite, tris (2, 4-di-t-butylphenyl) phosphite, and diphenyl (tridecyl) phos-
phite; and di, tri, or tetraphosphites derived from polyhydric alcohol such as distearyl penta erythrityl diphosphite, trip-
entaerythritol triphosphite, and tetraphenyl! dipropylene glycol diphosphite.

[0076] These organic phosphites can be used singly, or can be used in combination of two or more.

[0077] For the organic phosphite, preferably, monophosphites are used, more preferably, tris (tridecyl) phosphite is
used.

[0078] The organic phosphite is blended in an amount of, relative to 100 parts by mass of aliphatic polyisocyanate,
for example, 0.01 parts by mass or more, preferably 0.05 parts by mass or more, and for example, 1.0 part by mass or
less, preferably 0.1 parts by mass or less.

[0079] In the above-described trimerization reaction, as necessary, a hindered phenol antioxidant, and for example,
atrimerization reaction stabilizer such as 2,6-di (tert-butyl)-4-methylphenol, IRGANOX 1010, IRGANOX 1076, IRGANOX
1135, and IRGANOX 245 (all manufactured by BASF Japan, trade name) can be blended.

[0080] The trimerization reaction stabilizer is blended in an amount relative to 100 parts by mass of aliphatic polyiso-
cyanate of, for example, 0.01 parts by mass or more, preferably 0.05 parts by mass or more, and for example, 1.0 part
by mass or less, preferably 0.1 parts by mass or less.

[0081] In the above-described trimerization reaction, as necessary, a known reaction solvent can be blended. Then,
at the time when the isocyanate group conversion rate (reaction rate of the isocyanate group relative to a total amount
of the isocyanate group and urethane group in the case when the isocyanate group and urethane group of the aliphatic
polyisocyanate go through reaction and are converted to uretdione group, allophanate group (described later) and
isocyanurate group) reaches a predetermined ratio to be described later, a reaction terminator such as, for example,
phosphoric acid, monochloroacetic acid, benzoyl chloride, dodecylbenzenesulfonic acid, toluenesulfonic acid (orthotol-
uenesulfonic acid, p-toluenesulfonic acid) and derivatives thereof (for example, o- or p-toluenesulfonic acid methyl, etc),
and toluenesulfonamide (o- or p-toluenesulfonamide) is added to the reaction mixture to deactivate the catalyst to
terminate the reaction. In this case, reaction can also be terminated by adding an adsorbent that adsorbs catalysts such
as chelate resin and ion-exchange resin.

[0082] The isocyanate group conversion rate relative to a total amount of trimer derivative of aliphatic polyisocyanate
is, for example, 5 mass% or more, and for example, 35 mass% or less, preferably 20 mass% or less.

[0083] When the isocyanate group conversion rate is more than the above-described range, the number average
molecular weight of the produced aliphatic polyisocyanate trimer becomes high, which may reduce solubility, compatibility,
and isocyanate group concentration, and may increase viscosity. The isocyanate group conversion rate can be measured
by, for example, a method using a GPC device, NMR method, and titrimetry.

[0084] After completion of the trimerization reaction, from the reaction mixture of the produced aliphatic polyisocyanate
trimer and the aliphatic polyisocyanate monomer, unreacted aliphatic polyisocyanate monomer (when reaction solvent
and/or catalyst inactivator is blended, including the reaction solvent and/or catalyst inactivator) is removed by a known
method such as, for example, distillation such as thin-film distillation (Smith distillation), and extraction.

[0085] After removal of the unreacted aliphatic polyisocyanate monomer, the above-described reaction terminator can
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be added as a stabilizer to the aliphatic polyisocyanate trimer in an arbitrary amount.

[0086] The trimer derivative of aliphatic polyisocyanate after removal of unreacted pentamethylenediisocyanate mon-
omer has a monomer concentration of, relative to a total amount of the trimer derivative of aliphatic polyisocyanate,
generally 0.1 mass% or more, and for example, 1.0 mass% or less, preferably 0.6 mass% or less.

[0087] Atthe time of the above-described trimerization reaction, alcohol can be blended to obtain the aliphatic polyiso-
cyanate allophanate trimer.

[0088] That s, for the method for producing the aliphatic polyisocyanate allophanate trimer, for example, the aliphatic
polyisocyanate is allowed to react with alcohol, and then, as described above, trimerization reaction is performed in the
presence of a trimerization catalyst. After the trimerization reaction, unreacted aliphatic polyisocyanate monomer is
removed.

[0089] Examplesofthe alcoholinclude, for example, monohydric alcohol, dihydric alcohol, trihydric alcohol, and alcohol
with four or more hydroxyl groups.

[0090] Examples of the monohydric alcohol include straight chain monohydric alcohol and branched monohydric
alcohol.

[0091] Examples of the straight chain monohydric alcohol include C (number of carbon, the same applies in the
following) 1 to 20 straight chain monohydric alcohol such as methanol, ethanol, n-propanol, n-butanol, n-pentanol, n-
hexanol, n-heptanol, n-octanol, n-nonanol, n-decanol, n-undecanol, n-dodecanol (laurylalcohol), n-tridecanol, n-tetra-
decanol, n-pentadecanol, n-hexadecanol, n-heptadecanol, n-octadecanol (stearyl alcohol), n-nonadecanol, and eicosa-
nol.

[0092] Examples of the branched monohydric alcohol include C3 to 20 branched monohydric alcohols such as iso-
propanol, isobutanol (isobutylalcohol), sec-butanol, tert-butanol, isopentanol, isohexanol, isoheptanol, isooctanol, 2-
ethylhexane-1-ol, isononanol, isodecanol, 5-ethyl-2-nonanol, trimethylnonylalcohol, 2-hexyldecanol, 3, 9-diethyl-6-tride-
canol, 2-isoheptyl isoundecanol, 2-octyldodecanol, and other branched alkanol (C5 to 20).

[0093] Examples of the dihydric alcohol include C2 to 20 dihydric alcohols such as straight chain dihydric alcohol
including ethylene glycol, 1,3-propanediol, 1,4-butanediol (1,4-butyleneglycol), 1,5-pentanediol, 1,6-hexanediol, 1,4-
dihydroxy-2-butene, diethylene glycol, triethylene glycol, dipropylene glycol, and other straight chain alkane (C7 to 20)
diols; branched dihydric alcohols including 1,2-propanediol, 1,3-butanediol (1,3-butyleneglycol), 1,2-butanediol (1,2-
butyleneglycol), neopentyl glycol, 3-methyl-1,5-pentanediol, 2,2,2-trimethylpentanediol, 3,3-dimethylolheptane, 2,6-
dimethyl-1-octene-3,8-diol, and other branched alkane (C7 to 20) diols; 1,3-or 1,4-cyclohexanedimethanol and a mixture
thereof, 1,3- or 1,4-cyclohexanediol and a mixture thereof, hydrogenated bisphenol A, and bisphenol A.

[0094] Examples of the trihydric alcohol include glycerin and trimethylolpropane.

[0095] Examples of alcohols with four or more hydroxyl groups include tetramethylolmethane, D-sorbitol, xylitol, and
D-mannitol.

[0096] These alcohols can be used singly, or can be used in combination of two or more.

[0097] Examples of alcohol include preferably monohydric alcohols and dihydric alcohols, more preferably, C1 to 20
straight chain monohydric alcohol and C3 to 20 branched monohydric alcohol. Even more preferably, C3 to 20 branched
monohydric alcohol is used, particularly preferably, isobutylalcohol is used.

[0098] Alcohol is blended so that the aliphatic polyisocyanate allophanate trimer has an average functionality of 2 or
more, and is blended in an amount relative to 100 parts by mass of aliphatic polyisocyanate of, for example, 0.05 parts
by mass or more, preferably 0.10 parts by mass or more, more preferably, 1.00 part by mass or more, even more
preferably 1.50 parts by mass or more, particularly preferably, 1.90 parts by mass or more, and for example, 3.00 parts
by mass or less, preferably 2.00 parts by mass or less.

[0099] When the alcohol is blended within the above-described range, non-yellowing flexible polyurethane foam with
excellent mechanical properties (in particular, elongation at break) can be produced.

[0100] In this reaction, the aliphatic polyisocyanate is blended with alcohol so that the equivalent ratio (NCO/OH) of
the isocyanate group of the aliphatic polyisocyanate relative to the hydroxy group of alcohol is, for example, 30 or more,
preferably 60 or more, more preferably, 1000 or more, generally 2000 or less.

[0101] In this reaction, to the extent that the excellent effects of the present invention are not hindered, as necessary,
the above-described alcohol can be used in combination with an active hydrogen group-containing compound such as,
for example, thiols, oximes, lactams, phenols, and Bdiketones.

[0102] Reaction between aliphatic polyisocyanate and alcohol is first urethane-forming reaction, and at the time of
trimerization reaction thereafter, the reaction is allophanate-formation. The urethane-forming reaction conditions are as
follows: for example, under atmosphere of inactive gas such as nitrogen gas and normal pressure (atmospheric pressure),
reaction temperature of, for example, room temperature (for example, 25°C) or more, preferably 40°C or more, and for
example, 100°C or less, preferably 90°C or less. The reaction time is, for example, 0.5 hours or more, preferably 1 hour
or more, and for example, 10 hours or less, preferably 6 hours or less, more preferably 3 hours or less.

[0103] In the above-described urethane-forming reaction, the above-described promoter and the above-described
trimerization reaction stabilizer can be added in advance.
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[0104] The reaction conditions for the allophanate-formation reaction at the time of the above-described trimerization
reaction are the same as the reaction conditions for the above-described trimerization reaction.

[0105] When the above-described aliphatic polyisocyanate is pentamethylenediisocyanate, at the time of the above-
described trimerization reaction, the uretdione derivative of pentamethylenediisocyanate and the trimer derivative of
pentamethylenediisocyanate can be produced at the same time.

[0106] To produce the uretdione derivative of pentamethylenediisocyanate and the trimer derivative of pentamethyl-
enediisocyanate at the same time, pentamethylenediisocyanate is subjected to isocyanurate-formation reaction and
uretdione-formation reaction, and for example, the methods are as follows: pentamethylenediisocyanate is subjected to
the isocyanurate-formation reaction and the uretdione-formation reaction stepwise, or the isocyanurate-formation reac-
tion and the uretdione-formation reaction of pentamethylenediisocyanate are simultaneously progressed.

[0107] In the method in which pentamethylenediisocyanate is subjected to the isocyanurate-formation reaction and
the uretdione-formation reaction stepwise, for example, pentamethylenediisocyanate is first subjected to the isocyanu-
rate-formation reaction, and thereafter subjected to the uretdione-formation reaction.

[0108] To cause the isocyanurate-formation reaction, the above-described trimerization reaction can be performed.
But by allowing it to go through the urethane-forming reaction, the isocyanurate ring can be formed easily, and therefore
preferably, alcohol is blended, to first subject pentamethylenediisocyanate and alcohol to the urethane-forming reaction.
[0109] Examples of the alcohol include the above-described alcohol.

[0110] In thisreaction, alcohol is blended, and therefore as described above, except for the case where an allophanate
trimer is produced, a small amount of allophanate derivative is by-produced relative to the isocyanurate derivative, and
may remain.

[0111] When the allophanate trimer is not produced, alcohol is blended in an amount relative to 100 parts by mass of
pentamethylenediisocyanate of, for example, 0.01 parts by mass or more, preferably 0.05 parts by mass or more, and
for example, 1.0 part by mass or less, preferably 0.8 parts by mass or less.

[0112] The urethane-forming reaction conditions are, for example, the above-described urethane-forming reaction
conditions.

[0113] In this manner, pentamethylenediisocyanate that went through urethane-formation can be produced.

[0114] To cause the isocyanurate-formation reaction, next, the pentamethylenediisocyanate that went through ure-
thane-formation, and pentamethylenediisocyanate are subjected to the isocyanurate ring-formation reaction in the pres-
ence of the above-described trimerization catalyst for accelerating the isocyanurate formation.

[0115] Theisocyanurate-formation catalyst (based on active component 100%) is blended in an amount of, forexample,
the amount for the above-described trimerization catalyst.

[0116] In the isocyanurate ring-formation reaction, reaction conditions are, for example, the reaction conditions for the
above-described trimerization reaction.

[0117] Intheisocyanurate ring-formationreaction, in the same manner as in the above-described trimerization reaction,
when the isocyanate group conversion rate reaches the above-described predetermined rate, the above-described
reaction terminator is added to the reaction liquid, to deactivate the catalyst to terminate the reaction.

[0118] In this manner, pentamethylenediisocyanate is subjected to the isocyanurate-formation reaction.

[0119] Thereafter, the reaction liquid produced by the isocyanurate-formation reaction is subjected to heat treatment,
thereby causing uretdione-formation reaction.

[0120] The heat treatment conditions are the same as the above-described uretdione-formation reaction, and to be
specific, the heat treatment temperature is, for example, 100°C to 200°C, preferably 150°C to 170°C, and the heat
treatment time is 0.5 hours to 5 hours, 1 hour to 3 hours.

[0121] In this manner, uretdione-formation reaction can be caused, and as a result, pentamethylenediisocyanate can
be subjected to the isocyanurate-formation reaction and the uretdione-formation reaction stepwise.

[0122] Pentamethylenediisocyanate can be subjected to the isocyanurate-formation reaction and the uretdione-for-
mation reaction simultaneously by, for example, in the same manner as in the above, first subjecting pentamethylene-
diisocyanate and alcohol to urethane-forming reaction.

[0123] In this reaction, the alcohol to be blended is, for example, the above-described alcohol.

[0124] To allow the isocyanurate-formation reaction and the uretdione-formation reaction to progress simultaneously,
then, in the presence of a derivative-formation catalyst that works as both the uretdione-formation catalyst and the
isocyanurate-formation catalyst, pentamethylenediisocyanate that went through urethane-forming reaction, and pen-
tamethylenediisocyanate are subjected to isocyanurate ring-formation reaction, and at the same time, pentamethylen-
ediisocyanate is subjected to uretdione-formation reaction.

[0125] Examples of the derivative-formation catalyst that works as both the uretdione-formation catalyst and the iso-
cyanurate-formation catalyst include the above-described trivalent phosphorus compound, and preferably, tri-n-butyl-
phosphine is used.

[0126] These derivative-formation catalysts that work as both the uretdione-formation catalyst and the isocyanurate-
formation catalyst accelerate isocyanurate formation, and accelerate uretdione formation. It may accelerate iminooxa-
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diazinedione formation as well.

[0127] The derivative-formation catalyst that works as both the uretdione-formation catalyst and the isocyanurate-
formation catalyst is blended in an amount of, for example, relative to 100 parts by mass of pentamethylenediisocyanate,
for example, 0.05 parts by mass or more, preferably 0.1 parts by mass or more, and for example, 1.0 part by mass or
less, preferably 0.5 parts by mass or less.

[0128] To simultaneously allow the isocyanurate-formation reaction and uretdione-formation reaction to progress, the
reaction conditions are as follows: for example, under atmosphere of inactive gas such as nitrogen gas and normal
pressure (atmospheric pressure), reaction temperature of, for example, 25°C or more, preferably 40°C or more, more
preferably 60°C or more, and for example, 100°C or less, preferably 70°C or less. The reaction time is, for example, 1
hour or more, preferably 2 hours or more, and for example, 8 hours or less, preferably 4 hours or less.

[0129] In the isocyanurate ring-formation reaction and uretdione-formation reaction, in the same manner as in the
above-described trimerization reaction, when the isocyanate group conversion rate reaches a predetermined ratio (for
example, 5 mass% or more, for example, 40 mass% or less, preferably 35 mass% or less relative to a total amount of
the uretdione derivative and trimer derivative of pentamethylenediisocyanate), the above-described reaction terminator
is added to the reaction liquid to deactivate the catalyst and terminate the reaction.

[0130] In this manner, the isocyanurate-formation reaction and uretdione-formation reaction of pentamethylenediiso-
cyanate can be simultaneously progressed.

[0131] Thereafter, the above-described isocyanurate-formation catalyst and/or known allophanate-formation catalyst
is added, and by allowing to stand at for example, 80 to 120°C, for example, for 1 to 10 hours, the trimer derivative and/or
allophanate derivative contents in the reaction mixture can also be increased.

[0132] The obtained aliphatic polyisocyanate allophanate trimer contains the isocyanurate group and allophanate
group.

[0133] In the aliphatic polyisocyanate allophanate trimer, the allophanate group content (mole ratio of allophanate
group/isocyanurate group) relative to 1 mol of the isocyanurate group is, for example, 0.01 or more, preferably 0.05 or
more, more preferably, 0.10 or more, even more preferably 0.50 or more, 2.00 or less, preferably 0.90 or less, more
preferably, 0.60 or less.

[0134] Whenthe contentofaliphatic polyisocyanate allophanate group is within the above-described range, mechanical
properties (in particular, elongation at break) of the produced non-yellowing flexible polyurethane foam can be further
improved.

[0135] The allophanate group content relative to the isocyanurate group content can be calculated by TH-NMR meas-
urement.

[0136] To be specific, in TH-NMR measurement (400MHz, solvent: D6-DMSO (solute: 5 mass%), standard substance:
tetramethylsilane) of the trimer derivative of aliphatic polyisocyanate, the peak at 8.3 to 8.7 ppm is assigned to the peak
of the proton of the allophanate group (NH group in allophanate group) of the aliphatic polyisocyanate, and the peak at
3.8 ppm is assigned to the proton of the isocyanurate group (methylene group (CH, group) directly connected to isocy-
anurate group) of aliphatic polyisocyanate. Then, based on the formula below, the peak area ratio (integration ratio) is
calculated as the allophanate group content relative to the isocyanurate group content.

[0137] Allophanate group content relative to isocyanurate group content = integrated value for assigned peak of proton
of allophanate group /(integrated value for assigned peak of proton of isocyanurate group/6)

[0138] The trimer derivative of aliphatic polyisocyanate has a chlorine concentration relative to a total amount of the
trimer derivative of aliphatic polyisocyanate of, for example, 10 mass ppm or more, preferably 50 mass ppm or more,
and for example, 60 mass ppm or more, for example, 100 ppm or less.

[0139] The trimerderivative of aliphatic polyisocyanate has an isocyanate group concentration relative to a total amount
of the trimer derivative of aliphatic polyisocyanate of, for example, 20 mass% or more, preferably 22 mass% or more,
more preferably, 23.5 mass% or more, and for example, 30 mass% or less, preferably 25 mass% or less, more preferably,
24 mass% or less.

[0140] The trimerderivative of aliphatic polyisocyanate has a viscosity at 25°C (measured in accordance with Examples
to be described later) of, for example, 100 mPa-s or more, preferably 500 mPa-s or more, and for example, 5000 mPa-s
or less, preferably 2000 mPa-s or less, more preferably, 1800 mPa-s or less, even more preferably 1200 mPa-s or less.
[0141] The content of trimer derivative of aliphatic polyisocyanate relative to the polyisocyanate component is, for
example, 0 mass% or more, preferably 5 mass% or more, and for example, 80 mass% or less, preferably 75 mass% or
less, more preferably, 50 mass% or less, even more preferably 20 mass% or less, particularly preferably, 10 mass% or
less.

[0142] These polyisocyanate components can be used singly, or can be used in combination of two or more.

[0143] The polyisocyanate component has an average functionality of the isocyanate group of, for example, 1.5 or
more, preferably 1.9 or more, and for example, 3.0 or less, preferably 2.5 or less.

[0144] The polyisocyanate component has a viscosity at 25°C (measured in accordance with Examples to be described
later) of, for example, 20 mPa-s or more, preferably 25 mPa-s or more, more preferably 30 mPa-s or more, even more
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preferably 35 mPa-s or more, particularly preferably, 40 mPa-s or more, and for example, 2000 mPa-s or less, preferably
1000 mPa-s or less, more preferably, 800 mPa-s or less, even more preferably 500 mPa-s or less, even more preferably
300 mPa-s or less, even more preferably 100 mPa-s or less, particularly preferably, 50 mPa-s or less.

[0145] When the isocyanate component has a viscosity within the above-described range, softness of the produced
non-yellowing flexible polyurethane foam can be improved.

[0146] In the polyisocyanate component, the allophanate group content relative to 1 mol of the isocyanurate group is,
for example, 0.01 mol or more, preferably 0.05 mol or more, more preferably, 0.10 mol or more, even more preferably
0.50 mol or more, and for example, 2.00 mol or less, preferably 0.90 mol or less, more preferably 0.60 mol or less.
[0147] When the allophanate group content relative to the isocyanurate group in the polyisocyanate component is
within the above-described range, mechanical properties (in particular, elongation at break) of the produced non-yellowing
flexible polyurethane foam can be further improved.

[0148] The polyol componentincludes a compound having two or more hydroxyl groups in its molecule, and preferably
consists of a compound having two or more hydroxyl groups in its molecule.

[0149] The compound having two or more hydroxyl groups in its molecule is not particularly limited, and examples
thereof include macropolyol having a number average molecular weight (Mn) of 200 to 10000, preferably 400 to 5000.
[0150] Examples of the macropolyol include, for example, polyetherpolyol, polyesterpolyol, polyetherpolyesterpolyol,
and polyesterpolyurethane polyol, and preferably polyetherpolyol is used.

[0151] Polyetherpolyol can be produced by, for example, subjecting alkylene oxide to addition polymerization using
water, alcohols, amines, and ammonia as an initiator.

[0152] Examples of alcohols as the initiator include monohydric or polyhydric (2 to 8 hydroxy groups) aliphatic alcohols
including monohydric aliphatic alcohols such as methanol and ethanol; dihydric aliphatic alcohols such as ethylene glycol
and propylene glycol; trihydric aliphatic alcohols such as glycerin and trimethylolpropane; quadhydric aliphatic alcohols
such as pentaerythritol; hexahydric aliphatic alcohols such as sorbitol; octahydric aliphatic alcohols such as sucrose.
[0153] Examples of the amines as the initiator include monofunctional or polyfunctional aliphatic amines including
monofunctional aliphatic amines such as dimethylamine and diethylamine; difunctional aliphatic amines such as meth-
ylamine and ethylamine: trifunctional aliphatic amines such as monoethanolamine, diethanolamine, and triethanolamine;
tetrafunctional aliphatic amines such as ethylenediamine; pentafunctional aliphatic amines such as diethylenetriamine;
or aromatic amines such as toluylenediamine.

[0154] For the initiator, preferably, dihydric aliphatic alcohols and trihydric aliphatic alcohols, and more preferably,
trinydric aliphatic alcohols are used.

[0155] For the alkylene oxide, for example, ethyleneoxide, propyleneoxide, 1,2-, 1,3-, 1,4- and 2,3-butyleneoxide and
a combination of two or more of these is used. Of these examples, preferably propyleneoxide and/or ethyleneoxide are
used. When these are used in combination, any addition formation of block polymerization and random polymerization
can be suitably used.

[0156] The polyol component has a hydroxyl number (OH value) of, for example, 5 mgKOH/g or more, preferably 50
mgKOH/g or more, 100 mgKOH/g or more, and for example, 500 mgKOH/g or less, preferably 300 mgKOH/g or less,
more preferably, 250 mgKOH/g or less, and has an average functionality of, for example, 1.5 or more, preferably 2.0 or
more, and for example, 8.0 or less, preferably 4.0 or less.

[0157] The hydroxyl number of the polyol component is measured in accordance with the description of JIS K 1557-1
(2007), and the average functionality of the polyol component is calculated from the amount charged based on the
formulation.

[0158] Forthe polyol component, for example, a plurality of types of polyol component having any one of the difference
in the following can be used at an arbitrary ratio in accordance with its purpose and use: for example, a different number
average molecular weight, initiator types, hydroxyl number, average functionality, alkylene oxide types or addition types.
[0159] To be specific, for example, a polyol component having a number average molecular weight of 400 or more
and 1000 or less can be used in combination with a polyol component having a number average molecular weight of
more than 1000 and 5000 or less, preferably 2000 or less, and the polyol component having a number average molecular
weight of 1000 or less is blended in an amount relative to their total of, for example, 10 mass% or more, preferably 20
mass% or more, and for example, 50 mass% or less, preferably 40 mass% or less, and the polyol component having a
number average molecular weight of more than 1000 is blended in an amount relative to their total of, for example, 50
mass% or more, preferably 60 mass% or more, and for example, 90 mass% or less, preferably 80 mass% or less.
[0160] For example, a polyol component having a hydroxyl number of 5 mgKOH/g or more and 200 mgKOH/g or less
can be used in combination with a polyol component having a hydroxyl number of more than 200 mgKOH/g and 500
mgKOH/g or less, and the polyol component having a hydroxyl number of 200 mgKOHY/g or less is blended in an amount
of, relative to their total, for example, 50 mass% or more, preferably 60 mass% or more, and for example, 90 mass%
or less, preferably 80 mass% or less, and the polyol component having a hydroxyl number of more than 200 mgKOH/g
is blended in an amount of, for example, 10 mass% or more, preferably 20 mass% or more, for example, 50 mass% or
less, preferably 40 mass% or less.
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[0161] The catalyst is not particularly limited, and a known urethane-forming catalyst can be used. To be specific,
amines and organic metal compounds are used.

[0162] Examples of the amine include tertiary amines such as triethylamine, triethylenediamine, bis-(2-dimethylami-
noethyl) ether, and N-methylmorpholine; quaternary ammonium salts such as tetraethyl hydroxyl ammonium; and imi-
dazoles such as imidazole and 2-ethyl-4-methylimidazole. These amines can be used singly, or can be used in combi-
nation of two or more.

[0163] These amines can be obtained as a commercially available product, and examples thereof include KAOLIZER
No.31 (manufactured by Kao Corporation), KAOLIZER No. 120 (manufactured by Kao Corporation), KAOLIZER No. 12
(manufactured by Kao Corporation), KAOLIZER No.25 (manufactured by Kao Corporation), DABCO 33LV (33 mass%
diethylene glycol solution of triethylenediamine, manufactured by Air Products and Chemicals, Inc.), Niax A-1 (manu-
factured by Momentive Performance Materials Inc. (in the following, referred to as "manufactured by Momentive")), and
TOYOCAT-NCE (manufactured by Tosoh Corporation).

[0164] Examples of the organic metal compound include organic tin compounds such as tin acetate, tin octylate,
stannous oleate, tin laurate, dibutyltindiacetate, dimethyltindilaurate, dibutyltindilaurate, dibutyltindimercaptide, dibutylt-
inmaleate, dibutyltindineodecanoate, dioctyltindimercaptide, dioctyltindilaurate, and dibutyltindichloride; organic lead
compounds such as lead octanoate and lead naphthenate; organic nickel compounds such as nickel naphthenate;
organic cobalt compounds such as cobalt naphthenate; organic copper compounds such as copper octenate; and organic
bismuth compounds such as bismuth octylate and bismuth neodecanoate. These organic metal compounds can be
used singly, or can be used in combination of two or more.

[0165] These organic metal compounds can be obtained as a commercially available product, and examples thereof
include NEOSTANN U-100 (organic tin compound, manufactured by Nitto Kasei Co., Ltd.), Formate TK-1 (organic tin
compound, manufactured by Mitsui Chemicals, Inc), Formrez UL-28 (organic tin compound, manufactured by Momen-
tive), and Stanoct (organic tin compound, manufactured by Mitsubishi Chemical Corporation).

[0166] These catalysts (amines and organic metal compounds) can be used singly or used in combination of two or
more. Preferably, amines and organic metal compounds are used in combination.

[0167] The catalyst (based on active component amount 100%) is blended in an amount relative to 100 parts by mass
ofthe polyol component of, for example, 0.1 parts by mass or more, preferably 0.3 parts by mass or more, more preferably,
1.0 part by mass or more, and for example, 1.5 parts by mass or less, preferably 1.2 parts by mass or less.

[0168] When the catalyst is blended within the above-described range, non-yellowing characteristics of the obtained
polyurethane foam can be improved.

[0169] When amines and organic metal compounds are used in combination as the catalyst, they are blended in an
amount such that the ratio of the amines relative to the organic metal compounds (amount of amines blended/amount
of organic metal compounds blended, based on active component amount 100%) is, for example, 0.5 or more, preferably
0.8 or more, and for example, 1.5 or less, preferably 1.0 or less.

[0170] The blowing agent is not particularly limited, and a known blowing agent is used. Preferably, water is used.
[0171] For the blowing agent, water and a physical blowing agent (for example, hydrofluorocarbons, hydrocarbons
(for example, cyclopentane, etc), carbon dioxide, liquid carbon dioxide, etc) are used in combination at a suitable ratio.
For the physical blowing agent, in view of reducing environmental burden, preferably carbon dioxide, and liquid carbon
dioxide are used.

[0172] These physical blowing agents can be used singly, or can be used in combination of two or more.

[0173] The blowing agent is blended in an amount of, relative to 100 parts by mass of the polyol component, for
example, 0.5 parts by mass or more, preferably 1 part by mass or more, and for example, 10 parts by mass or less,
preferably 7 parts by mass or less.

[0174] When the blowing agent content is within the above-described range, excellent foaming properties can be
produced.

[0175] To produce the non-yellowing flexible polyurethane foam of the present invention, first, the above-described
polyol component is blended with the above-described catalyst and the above-described blowing agent at the above-
described blending ratio to prepare a premix (resin premix).

[0176] In preparation of the premix, as necessary, additives such as a foam stabilizer and a stabilizer can be blended,
and preferably, the premix consists of the above-described polyol component, above-described catalyst, above-described
blowing agent, a foam stabilizer, and a stabilizer.

[0177] The foam stabilizer is not particularly limited, and a known foam stabilizer is used. For example, a silicone foam
stabilizer is used.

[0178] The foam stabilizer can be obtained as a commercially available product, and for example, DC-6070, DC-2525
(all manufactured by Air Products and Chemicals, Inc., trade name), SZ-1966, SRX-274C, SF-2969, SF-2961, SF-2962,
SZ-1325, SZ-1328 (all manufactured by Dow Corning Toray Co., Ltd., trade name), L-5309, L-3601, L-5307, L-3600, L-
5366, Y-10366 (all manufactured by Momentive, trade name), B-8002, B-8545, and B-8715LF2 (all manufactured by
Evonic Corporation, trade name) are used.
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[0179] These foam stabilizers can be used singly, or can be used in combination of two or more.

[0180] The foam stabilizer is blended in an amount of, relative to 100 parts by mass of the polyol component, for
example, 0.1 parts by mass or more, preferably 0.5 parts by mass or more, and for example, 10 parts by mass or less,
preferably 5 parts by mass or less.

[0181] Examples of the stabilizer include an antioxidant, ultraviolet ray absorber, heat stabilizer, and light stabilizer,
and preferably antioxidant and a light stabilizer are used.

[0182] Examples of the antioxidant include hindered phenol antioxidant (for example, 4-methyl-2,6-di-tert-butylphenol
(BHT), triethylene glycol-bis[3-(3-t-butyl-5-methyl-4-hydroxyphenyl) propionate], and pentaerythritoltetrakis[3-(3,5-di-t-
butyl-4-hydroxyphenyl) propionate], etc), and other antioxidants (for example, antioxidant excluding hindered phenol
antioxidant, such as phosphorus antioxidants including bis(2,4-dit-butylphenyl) pentaerythritoldiphosphite, tridecylphos-
phite, and tris (2-ethylhexyl) phosphite, and thiophene antioxidants including 2,5-thiophenediylbis(5-t-butyl-1,3-benzox-
azole)) are used.

[0183] Of these antioxidants, preferably, phosphorus antioxidants are used, and more preferably, tris (2-ethylhexyl)
phosphite is used. For tris (2-ethylhexyl) phosphite, a commercially available product can be used, and for example, JP-
308E (manufactured by Johoku Chemical Co. Ltd., trade name) is used.

[0184] These antioxidants can be used singly, or can be used in combination of two or more.

[0185] For the ultraviolet ray absorber, for example, benzophenone, benzotriazole, triazine, and cyanoacrylate ultra-
violet ray absorbers can be used.

[0186] These ultraviolet ray absorbers can be used singly, or can be used in combination of two or more.

[0187] For the heat stabilizer, for example, a compound containing a sulfonamide group is used.

[0188] For the compound containing a sulfonamide group, for example, aromatic sulfonamides and aliphatic sulfon-
amides are used, and preferably o-toluenesulfonamide is used.

[0189] These heat stabilizers can be used singly, or can be used in combination of two or more.

[0190] For the light stabilizer, for example, a hindered amine light stabilizer, a blend light stabilizer are used, and
preferably a hindered amine light stabilizer is used. Examples of the hindered amine light stabilizer include ADK STAB
LA62, ADK STAB LA67 (all manufactured by Adeka Argus Chemical Co. Ltd., trade name), and TINUVIN 765, TINUVIN
144, TINUVIN 770, and TINUVIN 622 (all manufactured by BASF Japan, trade name).

[0191] These light stabilizers can be used singly, or can be used in combination of two or more.

[0192] The stabilizer is blended in an amount of, relative to 100 parts by mass of the polyol component, for example,
0.1 parts by mass or more, preferably 0.5 parts by mass or more, and for example, 10 parts by mass or less, preferably
5 parts by mass or less.

[0193] To the premix, other than the above-described additives, as necessary, for example, known other additives
such as a cross-linking agent, cell opener, pigment (coloring pigment), dye, curing accelerator, flatting agent, tackifier,
and silane coupling agent can be blended at a suitable ratio to the extent that does not damage the excellent effects of
the present invention.

[0194] Furthermore, as known other additives, for example, a chain extender, antiblowing agent, plasticizer, anti-
blocking agent, releasing agent, lubricant, filler, and hydrolysis inhibitor can be added at a suitable ratio to the extent
that does not damage excellent effects of the present invention.

[0195] Then, the premix thus produced is mixed with and allowed to react with the polyisocyanate component, and
causing foaming by a known foaming methods such as for example, slab foaming, mold foaming, and spray foaming,
thereby producing a non-yellowing flexible polyurethane foam of the present invention.

[0196] The reaction conditions (for example, reaction temperature, etc) for the premix and the polyisocyanate com-
ponent are set suitably in accordance with purpose and use.

[0197] Thereactiontime (creamtime (CT))forthe premix and the polyisocyanate componentis measured in accordance
with Examples to be described later, and for example, the cream time is 90 seconds or more, for example, 200 seconds
or less, preferably 170 seconds or less, more preferably, 100 seconds or less, even more preferably 95 seconds or less.
[0198] When the reaction time (cream time (CT)) for the premix and the polyisocyanate component is within the above-
described range, workability can be improved.

[0199] The polyisocyanate component is blended so that an isocyanate index (the isocyanate group ratio relative to
a total amount 100 of the active hydrogen including, for example, hydroxyl group in the polyol component, and water as
the blowing agent) is, for example, 60 or more, preferably 70 or more, and for example, 500 or less, preferably 130 or less.
[0200] In this manner, a non-yellowing flexible polyurethane foam of the present invention, i.e., a reaction product of
the polyisocyanate component and the polyol component, is produced.

[0201] Inthe non-yellowing flexible polyurethane foam of the presentinvention, the polyisocyanate component contains
10 to 95 mass% of uretdione bimolecular-product of pentamethylenediisocyanate.

[0202] Therefore, anon-yellowing flexible polyurethane foam with soft touch and excellentnon-yellowing characteristics
can be produced.

[0203] That is, the non-yellowing flexible polyurethane foam of the present invention has a density (measured in
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accordance with Examples to be described later) of, for example, 38.0 kg/m3 or more, preferably 38.2 kg/m3 or more,
and for example, 45.0 kg/m3 or less, preferably 43.0 kg/m3 or less, more preferably, 42.0 kg/m3 or less.

[0204] The non-yellowing flexible polyurethane foam of the present invention has a hardness (25%CLD, measured in
accordance with Examples to be described later) of, for example, 3.0N/100 cm2 or more, preferably 4.0N/100 cm2 or
more, more preferably, 4.2N/100 cm?2 or more, and for example, 40.0N/100 cm? or less, preferably 30.0N/100 cm?2 or
less, more preferably, 20.0N/100 cm2 or less, even more preferably 15.0N/100 cm? or less, even more preferably
10.0N/100 cmZ2 or less, even more preferably 6.0N/100 cm2or less, even more preferably 5.0N/100 cm? or less, particularly
preferably, 4.5N/100 cm? or less.

[0205] The non-yellowing flexible polyurethane foam of the present invention has an elongation at break (measured
in accordance with Examples to be described later) of, for example, 60% or more, preferably 65% or more, more
preferably, 70% or more, even more preferably 75% or more, particularly preferably, 85% or more, for example, 90%
or less.

[0206] The non-yellowing flexible polyurethane foam of the present invention has a light resistance Ab (measured in
accordance with Examples to be described later) of, for example, 9.5 or more, preferably 10.0 or more, and for example,
15.0 or less, preferably 12.0 or less.

[0207] Therefore, the produced non-yellowing flexible polyurethane foam can be effectively used, for example, as an
elastic material for distribution of body pressure material, firming agent, sound absorbing material, shock absorbing
material, vibration absorbing material, optical material in the field of automobiles, furniture, beddings, electronic materials,
medical field, apparel, and sanitary materials.

[0208] To be more specific, the non-yellowing flexible polyurethane foam can be used for, for example, seat, head
rest, bedding such as pillow and mattress, sofa, cushioning material for nursing care, leisure sheet, supporter, firming
agent for wigs, filter, microphone cover, earphone cover, headphone cover, cushion floor material, cosmetics pulff,
medical material, application roll, OA roll, electronic components (for example, computer tablets, smartphones, etc),
scouring pad, sanitary pads, and diapers.

[0209] In particular, the non-yellowing flexible polyurethane foam can be used for, preferably body pressure distribution
cushioning material for apparel or shoes, because of its soft touch and excellent non-yellowing characteristics. To be
specific, the non-yellowing flexible polyurethane foam can be used for shoulder pads, knee pads, elbow pads, bathing
suits pads, tongue portion of shoes, insole, medical materials, and apparel materials, and particularly, is suitable for
brassiere pads and brassiere cups.

[0210] With the brassiere pad and brassiere cup of the present invention formed by using an apparel material formed
from the non-yellowing flexible polyurethane foam of the present invention, touch and non-yellowing characteristics can
be improved.

Examples

[0211] The specific numeral values used in the description below, such as mixing ratio (content), physical property
values, and parameters can be replaced with corresponding mixing ratio (content), physical property values, parameters
in the above-described "DESCRIPTION OF EMBODIMENTS", including the upper limit value (numeral values defined
with "or less", and "less than") or the lower limit value (numeral values defined with "or more", and "more than").
[0212] The measurement methods used in Preparation Examples, Synthesis Examples, and Examples and Compar-
ative Examples are described below.

1. Measurement method

<lIsocyanate group concentration (unit: mass%), isocyanate group conversion rate (unit: mass%)>

[0213] The isocyanate group concentration (isocyanate group content) was measured using a potential difference
titrator (manufactured by Kyoto Electronics Manufacturing Co., Ltd., model number: AT-510) by toluene/dibutylamine-hy-

drochloric acid method in accordance with JIS K-1603-1 (2007), and the isocyanate group conversion rate of the meas-
urement sample was calculated based on the formula below.
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The isocyanate group conversion rate - 100 - (isocyanate group concentration of the
reaction mixture after completion of uretdione formation and/or trimerization reaction/
isocyanate group concentration of the reaction liquid before uretdione formation and/or
trimerization reaction x 100)

<lIsocyanate monomer concentration (unit: mass%)>

[0214] Pentamethylenediisocyanate produced in the same manner as in Example 1 of DESCRIPTION of
WO02012/121291 or commercially available hexamethylenediisocyanate as a standard sample is used, and labeled with
dibenzylamine. The concentration of the unreacted pentamethylenediisocyanate monomer or hexamethylenediisocy-
anate monomer was calculated based on the calibration curve made from the area value of a chromatogram obtained
under HPLC Measurement Conditions below.

[0215]

Device; Prominence (manufactured by Shimadzu Corporation)
Pump LC-20AT

Degasser DGU-20A3

Autosampler SIL-20A

Column constant temperature bath COT-20A

Detector SPD-20A

Column; SHISEIDO SILICA SG-120

Column temperature; 40°C

Eluent; n-hexane/methanol/1,2-dichloroethane = 90/5/5 (volume ratio)
Flow rate;0.2 mL/min

Detection method; UV 225 nm

<Viscosity (unit: mPa-s)>

[0216] The viscosity of the measurement sample was measured at 25 C using type E viscometer TV-30 (rotor angle:
1°34’, rotor diameter: 24 cm) manufactured by TOKI Sangyo Co., Ltd. in accordance with Corn and plate method of JIS
K5600-2-3 (2014). The number of revolution of the corn and plate at the time of measurement was changed suitably in
the range of 100rpm to 2.5rpm in accordance with the increase in the viscosity.

<Uretdione bimolecular-product concentration (unit: mass%)>

[0217] In the chromatogram obtained with the GPC measurement conditions below, the peak area having a peak top
between 280 to 380 of polyethylene oxide-based molecular weight relative to a total area of the peaks was defined as
the concentration of the uretdione bimolecular-product of pentamethylenediisocyanate relative to the uretdione derivative
of pentamethylenediisocyanate.

[0218]

Device; HLC-8020 (manufactured by Tosoh Corporation)

Column; G1000HXL, G2000HXL, and G3000HXL (all manufactured by Tosoh Corporation, trade name) connected
in series

Column temperature; 40°C

Eluent; tetrahydrofuran

Flow rate; 0.8 mL/min

Detector; refractive index detector

Standard sample; polyethylene oxide (manufactured by Tosoh Corporation, trade name: TSK standard polyethylene
oxide)

<Calculation of mole ratio of allophanate group to isocyanurate group with "H-NMR>

[0219] 'H-NMR was measured with the following device and conditions, and the content of the allophanate group
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(mole ratio of allophanate group/isocyanurate group) relative to 1 mol of the isocyanurate group in the trimer derivative
of aliphatic polyisocyanate was calculated with the following formula. For the criteria for the chemical shift ppm, tetram-
ethylsilane (0 ppm) in the D6-DMSO solvent was used.

Device; JNM-AL400 (manufactured by JEOL)

Conditions; measurement frequency: 400MHz, solvent: D6-DMSO, solute concentration: 5 mass%

Assigned peak (1H) for proton of the allophanate group (NH group in allophanate group): 8.3 to 8.7 ppm
Assigned peak (6H) for proton of the isocyanurate group (methylene group (CH, group) directly bonded to isocya-
nurate group): 3.8 ppm

[0220] Mole ratio of allophanate group to isocyanurate group = integrated value for assigned peak of proton of allo-
phanate group/(integrated value for assigned peak of proton of isocyanurate group/6)

2. Material
(1) Preparation Example of components of polyisocyanate component (a)
Preparation Example 1 (isocyanate (a-1)(PDI uretdione))

[0221] A reactor equipped with a thermometer, stirrer, nitrogen inlet tube, and condenser tube was charged with 500
parts by mass of pentamethylenediisocyanate produced in the same manner as in Example 1 of DESCRIPTION of
WO02012/121291 in a nitrogen atmosphere, and nitrogen was introduced in the liquid phase (reaction liquid) of the
pentamethylenediisocyanate for 1 hour. After introducing nitrogen for 1 hour, the reaction liquid had a dissolved oxygen
concentration of 1 mass ppm. Thereafter, the temperature of the reaction liquid was increased to 150°C. Then, after the
reaction was continued for 10 hours at the same temperature, the reaction was terminated. Then, the produced reaction
mixture of pentamethylenediisocyanate derivative was allowed to pass through a thin film distillation device (temperature:
120°C, degree of vacuum: 93.3 Pa) to remove unreacted pentamethylenediisocyanate monomer, thereby producing
isocyanate (a-1).

[0222] The produced isocyanate (a-1) had an isocyanate group concentration of 26.5 mass%, a viscosity at 25°C of
24 mPa-s, an isocyanate monomer concentration of 0.5 mass%, and a content of uretdione bimolecular-product of
pentamethylenediisocyanate of 89 mass%.

Preparation Example 2 (isocyanate (a-2)(PDI trimer derivative))

[0223] A four-neck flask equipped with a thermometer, stirrer, reflux pipe, and nitrogen inlet tube was charged with
500 parts by mass of pentamethylenediisocyanate produced in the same manner as in Example 1 of DESCRIPTION of
W02012/121291, 0.5 parts by mass of isobutylalcohol, 0.3 parts by mass of 2,6-di (tert-butyl)-4-methylphenol, and 0.3
parts by mass of tris (tridecyl) phosphite, and the mixture was allowed to react at 80°C for 2 hours.

[0224] Then, 0.05 parts by mass of N-(2-hydroxypropyl)-N,N,N-trimethylammonium-2-ethylhexanoate was blended
as the trimerization catalyst. The isocyanate group concentration was measured, and the reaction was continued until
the concentration reaches 48.9 mass% (that is, conversion rate 10 mass%). At the point when the predetermined
conversion rate (conversion rate 10 mass%) was reached after 50 minutes, 0.12 parts by mass of o-toluenesulfonamide
was added. The produced reaction mixture was allowed to pass through a thin film distillation device (temperature:
150°C, degree of vacuum: 0.093 kPa) to remove unreacted pentamethylenediisocyanate monomer. Furthermore, 0.02
parts by mass of o-toluenesulfonamide and 0.003 parts by mass of benzoyl chloride were added relative to 100 parts
by mass of the obtained product, thereby producing isocyanate (a-2).

[0225] The isocyanate (a-2) had a chlorine concentration of 63 mass ppm, an isocyanate monomer concentration of
0.5 mass%, an isocyanate group concentration of 24.6 mass%, and a viscosity at 25°C of 2000 mPa-s. The isocyanate
(a-2) had a mole ratio of allophanate group to isocyanurate group measured by TH-NMR measurement of, allophanate
group/isocyanurate group = 7.4/100 (that is, the content of allophanate group relative to 1 mol of isocyanurate group
was 0.074 mol).

Preparation Example 3 (isocyanate (a-3)(PDI trimer derivative))
[0226] A four-neck flask equipped with a thermometer, stirrer, reflux pipe, and nitrogen inlet tube was charged with
500 parts by mass of pentamethylenediisocyanate produced in the same manner as in Example 1 of DESCRIPTION of

WO02012/121291, 9.6 parts by mass of isobutylalcohol, 0.3 parts by mass of 2,6-di (tert-butyl)-4-methylphenol, and 0.3
parts by mass of tris (tridecyl) phosphite, and the mixture was allowed to react at 80°C for 2 hours.
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[0227] Then, 0.05 parts by mass of N-(2-hydroxypropyl)-N,N,N-trimethylammonium-2-ethylhexanoate was blended
as the trimerization catalyst. The isocyanate group concentration was measured, and the reaction was continued until
the concentration reaches 47.1 mass% (that is, conversion rate 10 mass%). The predetermined conversion rate (con-
version rate 10 mass%) was reached after 20 minutes, and 0.12 parts by mass of o-toluenesulfonamide was added.
The produced reaction mixture was allowed to pass through a thin film distillation device (temperature: 150°C, degree
of vacuum: 0.093 kPa) to remove unreacted pentamethylenediisocyanate monomer. Furthermore, 0.02 parts by mass
of o-toluenesulfonamide and 0.003 parts by mass of benzoyl chloride were added relative to 100 parts by mass of the
obtained product, thereby producing isocyanate (a-3).

[0228] The isocyanate (a-3) had a chlorine concentration of 57 mass ppm, an isocyanate monomer concentration of
0.6 mass%, an isocyanate group concentration of 23.5 mass%, and a viscosity at 25°C of 900 mPa-s. The isocyanate
(a-3) had a mole ratio of allophanate group to isocyanurate group with TH-NMR measurement of, allophanate group/iso-
cyanurate group = 54.7/100 (that is, the content of allophanate group relative to 1 mol of isocyanurate group was 0.547
mol).

Preparation Example 4 (isocyanate (a-4)(HDI uretdione))

[0229] Isocyanate (a-4) was produced in the same manner as in Preparation Example for the isocyanate derivative
of Isocyanate (a-1), except that pentamethylenediisocyanate was changed to hexamethylenediisocyanate (manufactured
by Mitsui Chemicals, Inc., trade name: TAKENATE 700).

[0230] The produced isocyanate (a-4) had an isocyanate group concentration of 24.3%, a viscosity at 25°C of 26
mPa-s, and an isocyanate monomer concentration of 0.4 mass%.

Preparation Example 5 (isocyanate (a-5)(HDI trimer derivative))

[0231] A four-neck flask equipped with a thermometer, stirrer, reflux pipe, and nitrogen inlet tube was charged with
500 parts by mass of hexamethylenediisocyanate (manufactured by Mitsui Chemicals, Inc. trade name: TAKENATE
700), 0.4 parts by mass of isobutylalcohol, 0.3 parts by mass of 2,6-di (tert-butyl)-4-methylphenol, and 0.3 parts by mass
of tris (tridecyl) phosphite, and the mixture was allowed to react at 80°C for 2 hours.

[0232] Then, 0.05 parts by mass of N-(2-hydroxypropyl)-N,N,N-trimethylammonium-2-ethylhexanoate as the trimeri-
zation catalyst was blended. The isocyanate group concentration was measured, and the reaction was continued until
the concentration reaches 44.8 mass% (that is, conversion rate 10 mass%). The predetermined conversion rate (con-
version rate 10 mass%) was reached after 60 minutes, and 0.12 parts by mass of o-toluenesulfonamide was added.
The produced reaction mixture was allowed to pass through a thin film distillation device (temperature: 150°C, degree
of vacuum: 0.093 kPa) to remove unreacted hexamethylenediisocyanate monomer. Furthermore, 0.02 parts by mass
of o-toluenesulfonamide and 0.003 parts by mass of benzoyl chloride were added relative to 100 parts by mass of the
obtained product, thereby producing isocyanate (a-5).

[0233] The isocyanate (a-5) had a chlorine concentration of 60 mass ppm, an isocyanate monomer concentration of
0.5 mass%, an isocyanate group concentration of 23.0 mass%, and a viscosity at 25°C of 1460 mPa-s. The isocyanate
(a-5) had a mole ratio of allophanate group to isocyanurate group with TH-NMR measurement of, allophanate group/iso-
cyanurate group = 8.1/100 (that is, the content of allophanate group relative to 1 mol of isocyanurate group of 0.081 mol).

Preparation Example 6 (isocyanate (a-6): PDI uretdione (high bimolecular-product content))

[0234] A reactor equipped with a thermometer, stirrer, nitrogen inlet tube, and condenser tube was charged with 500
parts by mass of pentamethylenediisocyanate produced in the same manner as in Example 1 of DESCRIPTION of
WO02012/121291 in a nitrogen atmosphere, and nitrogen was introduced in the liquid phase (reaction liquid) of the
pentamethylenediisocyanate for 1 hour. After introducing nitrogen for 1 hour, the reaction liquid had a dissolved oxygen
concentration of 1 mass ppm. Thereafter, the temperature of the reaction liquid was increased to 150°C. Then, the
reaction was continued at the same temperature for 1 hour, and thereafter, the reaction was terminated. The produced
reaction mixture of pentamethylenediisocyanate derivative was allowed to pass through a thin film distillation device
(temperature: 120°C, degree of vacuum: 93.3 Pa) to remove unreacted pentamethylenediisocyanate monomer, thereby
producing isocyanate (a-6).

[0235] The produced isocyanate (a-6) had an isocyanate group concentration of 27.1 mass%, a viscosity at 25°C of
22 mPa-s, an isocyanate monomer concentration of 0.5 mass%, and a content of uretdione bimolecular-product of
pentamethylenediisocyanate of 98 mass%.
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Preparation Example 7 (isocyanate (a-7)(PDI uretdione and PDI trimer derivative))
[0236] A four-neck flask equipped with a thermometer, stirrer, reflux pipe, and nitrogen inlet tube was charged with
500 parts by mass of pentamethylenediisocyanate produced in the same manner as in Example 1 of DESCRIPTION of
WO02012/121291, and 0.8 parts by mass of isobutylalcohol, and the mixture was subjected to urethane-forming reaction
at 80°C for 2 hours. After urethane-forming reaction, the isocyanate group concentration was 54.3 mass%.
[0237] Then, the internal temperature of the flask was set to 60°C, and as the catalyst, 1.6 parts by mass of tri-n-
butylphosphine was added. The isocyanate group concentration was measured, and the reaction was continued until
the concentration reaches 36.1 mass% (that is, conversion rate 34 mass%). When the predetermined conversion rate
(conversion rate 34 mass%) was reached after 4 hours, 1.6 parts by mass of p-toluenesulfonic acid methyl was added
to terminate the reaction. The reaction mixture produced in this manner was allowed to pass through a thin film distillation
device (temperature: 120°C, degree of vacuum: 0.093 kPa) to remove unreacted pentamethylenediisocyanate, and
furthermore, relative to 100 parts by mass of the produced polyisocyanate composition, 0.02 parts by mass of o-tolue-
nesulfonamide was added, thereby producing isocyanate (a-7).
[0238] The isocyanate (a-7) had an isocyanate monomer concentration of 0.5 mass%, an isocyanate group concen-
tration of 24.7 mass%, and a viscosity at 25°C of 70 mPa-s. The isocyanate (a-7) had a content of uretdione bimolecular-
product of pentamethylenediisocyanate of 50.9 mass%.
(2) Polyol component (b)
(Polyol (b-1))
[0239]

Polyetherpolyol (manufactured by Mitsui Chemicals, Inc., trade name: Actcall LR-00, number average molecular
weight (Mn) 1600, functionality f = 3, OH value = 110 mgKOH/g)

(Polyol (b-2))
[0240]

Polyetherpolyol (manufactured by Mitsui Chemicals, Inc., trade name: Actcall T-700, number average molecular
weight (Mn) 700, functionality f = 3, OH value = 240 mgKOH/g)

(3) Catalyst (c)
(Catalyst (c-1))
[0241]

33 mass% dipropylene glycol solution of tri ethylenediamine (manufactured by Air Products and Chemicals, Inc.,
trade name: Dabco-33LV)

(Catalyst (c-2))
[0242]

70 mass% dipropylene glycol solution of bis(dimethylaminoethyl) ether (manufactured by Momentive, trade name:
Niax-A1)

(Catalyst (c-3))
[0243]

Organic tin compound (manufactured by Momentive, trade name: Formrez UL-28)
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(Catalyst (c-4))
[0244]

Organic tin compound (manufactured by Mitsubishi Chemical Corporation, trade name: Stanoct)
(4) Blowing agent (d)
(Blowing agent (d-1))
[0245]

Pure water (H,0)
(5) Foam stabilizer (e)
(Foam stabilizer (e-1))
[0246]

Silicone foam stabilizer (manufactured by Evonic Corporation, trade name: B-8545)
(Foam stabilizer (e-2))
[0247]

Silicone foam stabilizer (manufactured by Evonic Corporation, trade name: B-8002)
(6) Stabilizer (f)
(Stabilizer (f-1))
[0248]

Hindered amine compound (light stabilizer, manufactured by BASF Japan, trade name: TINUVIN 765)
(Stabilizer (f-2))
[0249]

Organic phosphorus compound (antioxidant, manufactured by Johoku Chemical Co. Ltd., trade name: JP-308E)
3. Examples 1 to 9 and Comparative Examples 1 to 7 (Production of non-yellowing flexible polyurethane foam)
(1) Example 1
[0250] Of the components (materials) shown in Table 1 below, the components other than the polyisocyanate com-
ponent were weighed, and in a laboratory having a temperature of 23°C and a relative humidity of 55%, they were
blended in accordance with the mixing formulation of Table 1 and stirred so that the mixture was homogeneous, thereby
preparing a premix.
[0251] The polyisocyanate component separately prepared was weighed in accordance with the mixing formulation
of Table 1, and the temperature was adjusted to 23°C.
[0252] Thereafter, the polyisocyanate component was added to the premix, and the mixture was stirred with a hand-

mixer (number of revolution 5000 rpm) for 15 seconds. Immediately after the stirring, the mixture was quickly put in a
tree-made box to foam. A non-yellowing flexible polyurethane foam was produced in this manner.
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(2) Examples 2 to 10 and Comparative Examples 1 to 7

[0253] A non-yellowing flexible polyurethane foam was produced in the same manner as in Example 1, except that
weighing was performed in accordance with the mixing formulation shown in Tables 1 to 4.

[0254] Tables 1 to 4 show the mixing formulation and the polyisocyanate component characteristics of Examples 1 to
10 and Comparative Examples 1to 7.

[0255] The content of uretdione bimolecular-product of pentamethylenediisocyanate relative to a total amount of the
polyisocyanate component was determined by multiplying the content of uretdione bimolecular-product of pentameth-
ylenediisocyanate relative to a total amount of the uretdione derivative of pentamethylenediisocyanate by the content
of uretdione derivative of pentamethylenediisocyanate relative to a total amount of the polyisocyanate component.

4. Evaluation of non-yellowing flexible polyurethane foam
<Measurement method for reaction time (cream time (CT))>

[0256] In production of the non-yellowing flexible polyurethane foam of Examples and Comparative Examples, the
time from the start of the stirring with the hand-mixer to the time when the mixture started moving based on the reaction
between the premix and the polyisocyanate component was defined as cream time.

[0257] <Density (unit: kg/m3)>

[0258] A measurement sample was made by cutting out a center portion (core) of the non-yellowing flexible poly-
urethane foam of Examples and Comparative Examples to obtain a rectangular parallelepiped with a size of 10 X 10 X
5 cm. Thereafter, the apparent density of the measurement sample was measured in accordance with JIS K7222 (2005).

<Hardness (25%CLD)(unit: N/100 cm2)>

[0259] A measurement sample was made by cutting out a center portion (core) of the non-yellowing flexible poly-
urethane foam of Examples and Comparative Examples to obtain a rectangular parallelepiped with a size of 10 X 10 X
5 cm. Thereafter, the hardness (25%CLD) of the measurement sample was measured in accordance with JIS K-6400
(2012).

<Elongation at break (unit:%)>

[0260] A measurement sample was made by cutting out a center portion of the non-yellowing flexible polyurethane
foam of Examples and Comparative Examples to obtain a size of a thickness of 10 mm, and the sample was punched
out to have a shape of No. 1 test piece. A tensile test was performed using a tensile and compression testing machine
(manufactured by INTESCO co., Ltd., Model205N) in accordance with JIS K-6400 (2012), and elongation at break was
calculated.

<Light resistance (Ab)>

[0261] A measurement sample was made by cutting out a center portion of the non-yellowing flexible polyurethane
foam of Examples and Comparative Examples to obtain a size of a thickness of 10 mm. Thereafter, light (wavelength
270 to 720 nm) including a short wavelength ultraviolet ray was applied to the measurement sample for 24 hours using
a QUV weathering tester (manufactured by Q panel) equipped with a ultraviolet ray fluorescent lamp.

[0262] The Ab (changed amount of b value) of the low-resilience polyurethane foam before and after light application
was measured in accordance with JIS Z8722 (2009) using a color difference meter (manufactured by Tokyo Denshoku
CO,,LTD., COLOR ACE MODEL TC-1).

[0263] Tables 1to 4 show evaluation of non-yellowing flexible polyurethane foam of Examples 1 to 10 and Comparative
Examples 1to 7.
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[Table 1]
Example | Example | Example | Example | Example
Example No.
1 2 3 4 5
(a-1)PDI uretdione 100 90 90 90 80
(a-2)PDI trimer derivative 10 20
(a-3)PDI trimer derivative 10
(a-4)HDI uretdione
Polyisocyanate (a-5)HDI trimer derivative 10
component (a) (a-6)PDI uretdione
(high bimolecular-body
content)
(a-7)PDI uretdione
and PDI trimer derivative
£ Polyol (b-1)Actcall LR-00 70 70 70 70 70
§ component
E ) (b-2)Actcall T-700 30 30 30 30 30
@]
- (c-1)Dabco 33LV 0.5 0.5 0.5 0.5 0.5
(c-2)Niax A-1 0.5 0.5 0.5 0.5 0.5
et Catalyst(c)
g (c-3)Formrez UL-28 0.2 0.2 0.2 0.2 0.2
& (c-4)Stanoct 0.4 0.4 0.4 0.4 0.4
g Blowing
=3 (d-1)water(H.0) 5 S 5 5 5
agent(d)
Foam (e-1)B-8545 0.25 0.25 0.25 0.25 0.25
stabilizer(e) (e-2)B-8002 0.75 0.75 0.75 0.75 0.75
- (f-1)Tin.765 1.2 1.2 1.2 1.2 1.2
Stabilizer(f)
(£-2)JP-308E 1.0 1.0 1.0 1.0 1.0
Isocyanate index 70 70 70 70 70
PDI1 Uretdione bimolecular-
89.0 80.1 80.1 80.1 71.2
o body content(mass %)
Characteristics of
. Allophanate
Polyisocyanate component .
@ group/isocyanurate group - 0.074 0.547 0.081 0.074
a
mole ratio
Viscosity at 25°C(mPa-s) 24 40 30 35 60
Reaction time(CT)(sec) 92 95 93 98 100
Evaluation of non- Density(kg/m?) 38.0 38.2 38.0 40.7 40.0
yellowing flexible Hardness(N/100cm?) 4.0 4.3 42 5.0 52
polyurethane foam Elongation at break(%) 76 80 87 78 76
Light resistanceAb 12.8 10.3 10.3 10.4 10.2
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[Table 2]
Example | Example | Example | Example | Example
Example No.
6 7 8 9 10
(a-1)PDI uretdione 50 25 20 20
(a-2)PDI trimer derivative 50 75 80
(a-3)PDI trimer derivative 80
(a-4)HDI uretdione
Polyisocyanate (a-5)HDI trimer derivative
component (a) (a-6)PDI uretdione
(high bimolecular-body
content)
(a-7)PDI1 uretdione 100
and PDI trimer derivative
g Polyol (b-1)Actcall LR-00 70 70 70 70 70
= component
E (b-2)Actcall T-700 30 30 30 30 30
g (®)
- (c-1)Dabco 33LV 0.5 0.5 0.5 0.5 0.5
(c-2)Niax A-1 0.5 0.5 0.5 0.5 0.5
X Catalyst(c)
S (c-3)Formrez UL-28 0.2 0.2 0.2 0.2 0.2
= (c-4)Stanoct 0.4 0.4 0.4 0.4 0.4
6 Blowing
~ (d-1)Water(H.0) 5 5 5 5 5
agent(d)
Foam (e-1)B-8545 0.25 0.25 0.25 0.25 0.25
stabilizer(e) (e-2)B-8002 0.75 0.75 0.75 0.75 0.75
. (f-1)Tin.765 1.2 1.2 1.2 1.2 1.2
Stabilizer(f)
(£-2)JP-308E 1.0 1.0 1.0 1.0 1.0
Isocyanate index 70 70 70 70 70
PDI Uretdione bimolecular-
body 44.5 22.3 17.8 17.8 50.9
Characteristics of content(mass %)
polyisocyanate component Allophanate group/
(a) isocyanurate group mole 0.074 0.074 0.074 0.547 0.000
ratio
Viscosity at 25°C(mPa-s) 220 600 820 400 70
Reaction time(CT)(sec) 107 132 162 150 92
Evaluation of non- Density(kg/m?) 42.1 43.8 45.0 435 42.5
yellowing flexible Hardness(N/100cm?) 6.8 8.6 14.8 12.3 7.5
polyurethane foam Elongation at break(%) 72 69 67 70 75
Light resistanceAb 10.1 9.9 10.1 10.1 10.3

21




10

15

20

25

30

35

40

45

50

55

[Table 3]

EP 3 296 336 A1

Comparative Example No.

Comparative
Example 1

Comparative
Example 2

Comparative
Example 3

Comparative
Example 4

Comparative
Example 5

Formulation

Polyisocyanate
component (a)

(a-1)PDI
uretdione

10

(a-2)PDI trimer
derivative

100

90

(a-3)PDI trimer
derivative

(a-4)HDI
uretdione

90

90

(a-5)HDI trimer
derivative

10

10

(a-6)PDI
uretdione
(high
bimolecular-
body content)

100

(a-7)PD1

uretdione
and PDI trimer

derivative

Polyol
component (b)

(b-1)Actcall
LR-00

70 70

70

70

70

(b-2)Actcall
T-700

30 30

30

30

30

Catalyst(c)

(c-1)Dabco
33LV

0.5 0.5

0.5

0.5

0.7

(c-2)Niax A-1

0.5 0.5

0.5

0.5

1.0

(c-3)Formrez
UL-28

0.2 0.2

0.2

0.2

0.2

(c-4)Stanoct

0.4 0.4

0.4

0.4

0.4

Resin premix

Blowing
agent(d)

(d-1)Water(H.O)

Foam
stabilizer(e)

(e-1)B-8545

0.25 0.25

0.25

0.25

0.25

(e-2)B-8002

0.75 0.75

0.75

0.75

0.75

Stabilizer(f)

(f-1)Tin.765

1.2 1.2

1.2

1.2

1.2

(f-2)JP-308E

1.0 1.0

1.0

1.0

1.0

Isocyanate index

70 70

70

70

70

Characteristics of
polyisocyanate
component (a)

PDI Uretdione
bimolecular-
body
content(mass %)

98.0 -

8.9

Allophanate
group/
isocyanurate
group mole ratio

- 0.074

0.074

0.081

0.081

Viscosity at
25°C(mPa-s)

23 2000

1300

35

35

Evaluation of non-
yellowing flexible
polyurethane foam

Reaction
time(CT)(sec)

92 175

170

195

90

Density(kg/m?)

37.6 52.0

49.0

48.2

48.0

Hardness(N/100cm?)

3.2 23.0

21.1

7.2

6.7

Elongation at
break(%)

67 59

63

65

63

Light
resistanceAb

15.2 10.3

10.1

10.2

18.7
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[Table 4]
. Comparative | Comparative
Comparative Example No.
Example 6 | Example 7
(a-1)PDI uretdione
(a-2)PDI trimer derivative 10
(a-3)PDI trimer derivative 10
. (a-4)HDI uretdione 90 90
Polyisocyanate - R
(a-5)HDI trimer derivative
component (a) -
(a-6)PDI uretdione
(high bimolecular-body content)
(a-7)PDI uretdione
and PDI trimer derivative
“ Polyol (b-1)Actcall LR-00 70 70
£ component
;; (b (b-2)Actcall T-700 30 30
;g: (c-1)Dabco 33LV 0.7 0.7
(c-2)Niax A-1 1.0 1.0
% | Catalyst(c)
g (c-3)Formrez UL-28 0.2 0.2
= (c-4)Stanoct 04 0.4
E: Blowing
=2 (d-1)Water(H,0) 5 5
agent(d)
Foam (e-1)B-8545 0.25 0.25
stabilizer(e) (e-2)B-8002 0.75 0.75
. (f-1)Tin.765 1.2 1.2
Stabilizer(f)
(f-2)JP-308E 1.0 1.0
Isocyanate index 70 70
PDI Uretdione bimolecular-body
Characteristics of content(mass %)
lyisocyanate Allophanate /isocya t
polyisocy. ophanate group 1so. yanurate 0.074 0.547
component (a) group mole ratio
Viscosity at 25°C(mPa-s) 40 30
Reaction time(CT)(sec) 192 185
Evaluation of non- Density(kg/m?) 47.5 47.0
yellowing flexible Hardness(N/100cm?) 6.5 6.3
polyurethane foam Elongation at break(%) 63 65
Light resistanceAb 10.2 10.2

[Details of abbreviations in Tables 1 to 4]

[0264] Details of the abbreviations used in Tables 1 to 4 are shown below.

Actcall LR-00: polyetherpolyol (manufactured by Mitsui Chemicals, Inc., number average molecular weight (Mn)
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1600, functionality f = 3, OH value = 110 mgKOH/g)

Actcall T-700: polyetherpolyol (manufactured by Mitsui Chemicals, Inc., number average molecular weight (Mn)
700, functionality f = 3, OH value = 240 mgKOH/g)

Dabco 33LV: 33 mass% dipropylene glycol solution of triethylenediamine (manufactured by Air Products and Chem-
icals, Inc.)

Niax A-1: 70 mass% dipropylene glycol solution of bis(dimethylaminoethyl) ether (manufactured by Momentive)
Formrez UL-28: organic tin compound (manufactured by Momentive)

Stanoct: organic tin compound (manufactured by Mitsubishi Chemical Corporation)

B-8545: silicone foam stabilizer (manufactured by Evonic Corporation)

B-8002: silicone foam stabilizer (manufactured by Evonic Corporation)

Tin.765: hindered amine compound (light stabilizer, manufactured by BASF Japan)

JP-308E: organic phosphorus compound (antioxidant, manufactured by Johoku Chemical Co. Ltd.)

[0265] While the illustrative embodiments of the present invention are provided in the above description, such is for
illustrative purpose only and it is not to be construed as limiting in any manner. Modification and variation of the present
invention that will be obvious to those skilled in the art is to be covered by the following claims.

Industrial Applicability

[0266] The non-yellowing flexible polyurethane foam of the present invention can be used in a wide range in the field

of, for example, automobiles, furniture, bedding, electronic materials, medical, apparel, and sanitary materials.

Claims

1. A non-yellowing flexible polyurethane foam produced by allowing a polyisocyanate component to react with a polyol
component in the presence of at least a catalyst and a blowing agent, wherein the polyisocyanate component
contains 10 to 95 mass% of uretdione bimolecular-product of pentamethylenediisocyanate.

2. Thenon-yellowingflexible polyurethane foam of Claim 1, wherein the polyisocyanate component contains a uretdione
derivative of pentamethylenediisocyanate, which includes the uretdione bimolecular-product, and a trimer derivative
of aliphatic polyisocyanate.

3. The non-yellowing flexible polyurethane foam of Claim 2, wherein the trimer derivative comprises an isocyanurate
group and an allophanate group, and the content of the allophanate group is 0.10 mol or more and 0.70 mol or less

relative to 1 mol of the isocyanurate group.

4. The non-yellowing flexible polyurethane foam of Claim 2, wherein the aliphatic polyisocyanate is pentamethylene-
diisocyanate and/or hexamethylenediisocyanate.

5. An apparel material formed from the non-yellowing flexible polyurethane foam of Claim 1.
6. A brassiere pad formed from the apparel material of Claim 5.
7. A brassiere cup including the brassiere pad of Claim 6.
8. A method for producing non-yellowing flexible polyurethane foam, the method including
allowing a polyisocyanate component containing 10 to 95 mass% of a uretdione bimolecular-product of pen-

tamethylenediisocyanate to react with a polyol component in the presence of at least a catalyst and a blowing
agent.
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